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(57) Abstract 

In a receiver (2) the input signal is converted by a mixer (4) into two quadrature IF signals. The quadrature IF signals are amplified by 
an amplifier (12) and filtered by a filter (14). A polyphase filter (16) suppresses signals having frequencies above a predetermined frequency. 
A second mixer (15) converts the filtered IF signal into a second IF signal. This second IF signal is filtered by a second polyphase filter 
(19) which suppresses signals having a frequency below a pitdeteraiined frequency. In this way a band-pass transfer function is obtained 
having a first edge defined by the first polyphase filter (16) and having the second defined by the second polyphase filter (19). In an 
embodiment of the invention, the cut off frequencies of die polyphase filters (14 and 19) are equal to zero, resulting in a transfer function 
for the complete receiver having cut off frequencies independent from the component values used in the polyphase filters. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing uitMiiational applications under the PCX. 



At 


Albania 


BS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


n 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


IVfD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


'Htfkmettistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


IXirkey 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


XT 


IVinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


braei 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Mahwi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


iP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cfite d'lvoiie 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


CanexDoii 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Rqnibllc of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


KazalEstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saht Lucia 


RU 


Russian FBdetation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanica 


SE 


Sweden 






EE 


Estonia 


LR 


Ubeiia 


SG 


Smgapore 







wo 98/45942 




•CT/IB98/00273 



Receiver and filter arrangement comprising polyphase filters 



The invention is related to a receiver comprising a frequency converter for 
deriving from the input signal of the receiver a plurality of intermediate polyphase signals, the 
receiver further comprises a polyphase filter for deriving filtered polyphase signals from the 
intermediate polyphase signals. The invention is also related to a filter arrangement using 

5 frequency conversion means and a polyphase filter. 

Such a receiver and filter arrangement are known from US Patent 4,723,3 1 8. 
In receivers an RF signal is down converted to an IF frequency substantially lower than said RF 
frequency in order to make it possible to obtain a good adjacent channel selectivity with easy 
realizable filters. A problem associated with this down conversion is the sensitivity of the 

10 receiver for so-called image signals. If the signal to be received has a frequency of f^p, the local 
oscillator to be used in the frequency conversion means has a frequency fLo and the IF frequency 
is equal to fLo-fapj the receiver receives also RF signals with a frequency of fto'^'fiF? causing 
interference to the reception of the desired RF signal with frequency f^p. 

In order to suppress this undesired effect, often an RF filter is used in front 

15 of the frequency conversion means to suppress RF signals with a frequency of fto'^fip- This RF 
filter can be quite expensive. 

In the receiver according to the above mentioned US patent, a so called 
polyphase filter is used for filtering the output signal of the frequency conversion means. 
Polyphase filters can make use of multiple phase shifted input signals (to be provided by the 

20 frequency conversion means) to produce asymmetric transfer functions enabling suppression of 
signals at the image frequency without requiring an RF filter. The polyphase filter according to 
the above mentioned US patent is designed for suppressing a signal at an image frequency. 

The object of the present invention is to provide a receiver in which beside 
the image rejection also the adjacent channel selectivity is realized in a very cost effective way. 

25 Therefor the invention is characterized in that the receiver comprises a 

further frequency converter for deriving a plurality of further intermediate polyphase signals 
fi'om the filtered polyphase signals, the receiver comprises a further polyphase filter for deriving 
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further filtered polyphase signals from the further intermediate polyphase signals, one of the 
polyphase filter and the further polyphase filter being arranged for attenuating signals above a 
first frequency, and one of the polyphase filter and the further polyphase filter being arranged for 
attenuating signals below a second frequency. 

5 By using these measures is becomes possible to obtain a receiver with an a- 

symmetric band pass transfer function. The first frequency converter with associated polyphase 
filter can suppress one part of the input spectrum (e.g. all frequencies below a frequency f, ) by 
choosing suitable values for the IF frequency and the first fi-equency of the (first) polyphase filter 
, and the second frequency converter vvdth associated polyphase filter can suppress another part of 

10 the input spectrum (e.g. all frequencies above a frequency f2 < f|) so that a band pass transfer 
function is obtained suitable for realizing the adjacent channel selectivity. 

It is observed that the article "High performance direct conversion" by R. 
Green and R. Hoskins in Electronics World, January 1996, pp. 18-22 discloses a receiver in 
which two polyphase filters are used. However this docimient does not use a combination of a 

1 5 first polyphase filter suppressing frequencies above (below) a certain frequency, and a second 
polyphase filter suppressing frequencies below (above) a certain frequency. The absence of said 
combination results in a spectrum inversion to take place in said receiver, which is in general 
undesirable in receivers used for receiving digital signals. 

An embodiment of the invention is characterized in that the first frequency 

20 and the second frequency are substantially zero. 

By using polyphase filters with a cut off frequency of substantially zero, it is 
obtained that this cut off frequency does not depend on the values of the components used in said 
polyphase filter. The cut off frequency of the combination of frequency converter and polyphase 
filler is now only determined by the frequency of the local oscillator used in the frequency 

25 converter. Because said frequency can be set very accurately, it becomes possible to realize very 
accurate filters in a cost effective way. 

A further embodiment of the invention is characterized in that the first 
polyphase filter and the second polyphase filter comprise passive filters. 

The use of passive filters does not require active elements such like opamps, 

30 resulting in lower costs, and often in a more stable operation of the receiver. 




wo 98/45942 ^0CT/IB98/OO273 

A still further embodiment of the invention is characterized in that the first 
polyphase filter and the second polyphase filter comprise passive filters using capacitors and 
resistors. 

5. Receiver according to one of the previous claims, characterized in that the 

5 further frequency conversion means comprise image rejection mixing means. 

Using passive filters with resistors and capacitors results in a receiver which can 
easily be realized in standard IC technologies, resulting a very cost effective solution. 

A still further embodiment of the invention is characterized in that the 
further frequency conversion means comprise image rejection mixing means. 
10 By employing an image rejection mixer in the further frequency converter, it 

becomes possible to choose the intermediate polyphase signal and the further intermediate 
polyphase signal in the same frequency range without requiring expensive image rejection filters. 
The possibility to choose the intermediate polyphase signals and the further intermediate 
polyphase signals in the same firequency range enables the realization of receivers having a 
1 5 narrow IF bandwidth without requiring expensive band-pass filters. 

The invention will now be explained with reference to the drawings. 

Herein shows: 

Fig. 1 , a block diagram of a receiver according to the invention; 

Fig. 2, a plot of the frequency spectra at different positions in the receiver 

20 according to Fig. 1 ; 

Fig. 3, a further plot of the fi-equency spectra at different positions in the 
receiver according to Fig. 1 ; 

Fig. 4, an implementation of the polyphase filter 16 in the receiver 

according to Fig. 1 ; 

25 Fig. 5, an implementation of the mixer 15 in the receiver according to Fig. 

1; 

Fig. 6, an implementation of the polyphase filter 16 in the receiver 

according to Fig. 1 . 

An input of the receiver 2 according to Fig. 1 is connected to a first input of 
30 a mixer 4. A first output of a local oscillator 6, carrying an in-phase local oscillator signal, is 
connected to a second input of the mixer 4. A second output of the local oscillator 6, carrying a 
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quadrature local oscillator signal, is connected to a third input of the mixer 4. The (first) 
frequency converter 5 is constituted by the combination of the mixer 4 and the local oscillator 6. 

A first output of the mixer 4, carrying an in-phase component of the 
intermediate polyphase signal, is connected to a first terminal of a capacitor 8, and to a first input 

5 of an AGC amplifier 12. A second output of the mixer 4, carrying a quadrature component of the 
intermediate polyphase signal, is connected to a first terminal of a capacitor 10, and to a second 
input of the AGC amplifier 12. Second terminals of the capacitors 8 and 10 are connected to 
ground. It is observed that each of the in-phase component and the quadrature component of the 
intermediate signals, can be represented by a pair of balanced signals +1, t1 and +Q and -Q 

10 respectively. 

The outputs of the AGC amplifier 12 are connected to inputs of a low-pass 
fiher 14. The outputs of the low-pass filter 14 are connected to corresponding inputs of the (first) 
polyphase filter 16. The outputs of the polyphase filter 16 are connected to inputs of a second 
AGC amplifier 17 via coupling capacitors 18 and 20. 
1 5 The outputs of the second AGC amplifier 17 are connected to the further 

frequency converter 13 via coupling capacitors 18 and 20. In the further frequency converter 13 
the input signals are applied to corresponding inputs of an image rejection mixer 15. Outputs of a 
local oscillator 22 in the further frequency converter, carrying a polyphase local oscillator signal, 
are connected to corresponding inputs of the image rejection mixer 15. Outputs of the image 
20 rejection mixer 15, carrying the further intermediate polyphase signals, are connected to inputs of 
the further polyphase filter 19. The outputs of the polyphase filter 19, carrying the further filtered 
polyphase signals, are connected via coupling capacitors 23 and 25 to corresponding inputs of a 
demodulator 21 . At the output of the demodulator 21 , a demodulated output signal is available. 

The mixer 4 is arranged for mixing the input signal Vrp of the receiver with 
25 an in-phase local oscillator signal, and a quadrature local oscillator signal, both being generated 
by a local oscillator 6. The relevant parts of the output signals of the mixer 4 are equal to 
c • v,^P • sin(2;r(fRp - fLo, ) • t) and c • v^p • cos(2;r(fRp - fLo, ) • t) respectively, wherein c is a 
constant, v,^pis the amplitude of the (sinusoidal) input signal, f^p is the frequency of the input 
signal, and ftoi is the frequency of the local oscillator signal. In most implementations, the 
30 quadrature signals are present in pairs of balanced signals such that the signals 
- c • Vrp . sin(2;r(fRp - fLo, ) • t) and - c • v^p -cos (2;r(fRp - fLo, ) • t) are also available. 
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The capacitors 8 and 10 provide a first filtering of the output signals of the 
mixer 4 in order to suppress strong out of band signals. The AGC amplifier 12 is present to 
provide signals having a substantial constant amplitude at the input of the low-pass filter 14. The 
low pass filter 14 has a second order Butterworth transfer function with a cut-off frequency 

5 around 30 kHz. The low pass filter 14 is present to provide some adjacent channel selectivity. 
The polyphase filter 1 6 is arranged to provide one edge of the final channel 
selectivity. Preferably the polj^jhase filter 16 has a cut off frequency of 0 Hz, resulting in a first 
edge at a frequency of fRrfLOi- Th^ output signal of the polyphase filter 18 is amplified by the 
AGC amplifier 18 to a reference value. The capacitors 18 and 20 are present to eliminate DC 

10 offsets from the output signal of the polyphase fiher 16. 

The output signal of the AGC amplifier 18 is mixed by the second frequency 
converter with a local oscillator signal with frequency fLoa- The image rejection mixer 15 is 
arranged to provide only the sum or the difference frequency at its output, dependent on its 
internal interconnections as will be explained later with reference to Fig. 5. The output of the 

15 image rejection mixer 15 is filtered by the polyphase filter 19 to provide the second edge of the 
final channel selectivity. Again the cut off frequency of the polyphase filter is preferably equal to 
0 Hz, resulting in a second edge at a frequency of fRF-fL0i-fL02- Consequently a bandpass 
characteristic is obtained with edges at fRp-fLoi and fRF-fLorfL02» respectively. In the case of 0 Hz 
polyphase filters the accuracy of the position of said edges is not determined by the accuracy of 

20 the elements used in the polyphase filters, but only by the accuracy of the frequency of the local 
oscillator signals. 

The output signal of the polyphase filter 19 is presented to a demodulator 21 
for demodulation. The capacitors 23 and 25 are present to eliminate offsets from the output 
signal of the polyphase filter 19. At the output of the demodulator 21 the demodulated signal is 
25 available. 

Fig. 2, shows the spectra at different positions in the receiver in the case the 
frequency of the first local oscillator is lower than the frequency of the RF signal. Graph 26 
shows the relevant parts of the frequency spectrum at the input of the receiver according to Fig. 
1 . For clarity it is assumed that only one signal, having a frequency f^p, is present. In graph 28 of 
30 Fig. 2 the input signal of the first polyphase filter 16 is presented. The image signal with a 
frequency of fRp+ftoi already suppressed by the low pass filter 14. Graph 30 of Fig. 2 shows 
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the transfer function of the first polyphase filter 16 together with the output spectrum of said 
polyphase filter 16. The polyphase filter 16 is in this case a polyphase high-pass filter. 



rejection mixer 15. It can be seen that the polyphase mixer 15 is arranged for providing the 
5 difference frequency between its input signal and the local oscillator 22. Finally graph 36 shows 
the output signal of the polyphase filter 19 in which the filtering by said polyphase filter 19 is 
shown. Here the polyphase filter 19 is arranged as a low-pass filter passing fi-equencies below 0 
Hz. From graph 36 it can be seen that a band-pass characteristic is obtained by the combination 
of polyphase filters. 

10 It is observed that it is not necessary that the polyphase filters are high-pass 

filters or low pass filters. The transfer function for frequencies beyond the edge defined by the 
other polyphase filter may assume arbitrary values. In practical implementations, the polyphase 
filters will show a band pass character, of which only one edge is used to define the transfer 
function of the receiver. This band-pass character is indicated by the dotted line in graphs 30 and 

1 5 34. The band pass character mentioned above can also be caused by the Butterworth filter 1 6. 



frequency of the first local oscillator is higher than the frequency of the RF signal. Graph 38 
shows the input spectrum of the receiver. Graph 40 shows the spectrum at the output of the low- 
pass filter 14. Graph 42 shows the spectrum of the output signal of the polyphase filter 1 6. This 

20 graph shows the suppression frequencies above a given frequency. The suppressed frequencies 
are here the positive frequencies. Graph 44 shows the spectrum of the output signal of the image 
rejection mixer 15. From this graph it is clear that only the sum frequencies of the input signal 
and the local oscillator signal is present in the output signal of the mixer 1 5. Consequently the 
frequency spectrum has been shifted to higher frequencies. Graph 46 shows the spectrum at the 

25 output of the second polyphase filter 19, which filter is arranged for suppressing frequencies 
below a certain frequency. 



input, carrying a 0° (90^) [180®] {270^} signal, is connected to an first terminal of a resistor 52 
(70) [88] {106} and to a first terminal of a capacitor 99 (62) [80] {98}. A second terminal of the 
30 resistor 52 (70) [88] {106} is connected to a second terminal of the capacitor 62 (80) [98] {99}, 
to a first terminal of a resistor 54 (72) [90] {108} and to a first terminal of a capacitor 64 (82) 
[100] {101 }. A second terminal of the resistor 54 (72) [90] {108} is connected to a second 



Graph 34 of Fig. 2 shows the spectrum of the output signal of the image 



Fig. 3, shows the spectra at different positions in the receiver in the case the 



In the polyphase filter 6 according to Fig. 4, a first (second) [third] {fourth} 
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terminal of the capacitor 101 (64) [82] {100}, to a first terminal of a resistor 56 (74) [92] {110}, 
and to a first terminal of a capacitor 66 (84) [102] {103}. A second terminal of the resistor 56 
(74) [9 2] {110} is connected to a second terminal of the capacitor 103 (66) [84] {102},andtoa 
first (second) [third] {fourth} input of a buffer circuit 57. 

5 A first (second) [third] {fourth} output of the buffer circuit 57, carrying a 0^ 

(90^^) [180°]{270°} signal, is connected to an first terminal of a resistor 58 (76) [94] { 1 12} and 
to a first terminal of a capacitor 68 (86) [104] {1 16}. A second terminal of the resistor 58 (76) 
[94] { 1 12} is connected to a second terminal of the capacitor 1 16 (68) [86] { 104}, to a first 
terminal of aresistor 60 (78) [96] {114}, and to a first terminal of a capacitor 69 (87) [97] {118}. 

1 0 A second terminal of the resistor 60 (78) [96] { 1 1 4} is connected to a second terminal of the 
capacitor 1 1 8 (69) [87] {97}, and to a first (second) [third] {fourth} output of the polyphase fiher 
6. 

The polyphase filter 6 comprises a cascade connection of three polyphase 
filter sections, a buffer amplifier and two additional polyphase filter sections. The first section of 
15 the polyphase filter 6, causes a real pole for p=-200 kHz and an imaginary zero for p=+50j kHz. 
Consequently this first section has a low-pass transfer function. The second section of the 
polyphase filter 6 has a pole for p=-60 kHz and a zero for p=-46j kHz and the third filter section 
has a pole for p=-10 kHz, and a zero for -lOj kHz. These filter sections have a high-pass transfer 
function. 

20 The buffer amplifier is present to prevent excessive loading of the first three 

fiher sections by the fourth and fifth filter sections. The fourth filter section has a pole for p=-200 
kHz and a zero for -74j kHz and the fifth filter section has a pole for p=-70 kHz and a zero for 
p=-20 kHz . Consequently both filter sections have a high-pass transfer function. 
In the image rejection mixer 15 according to Fig. 5, balanced in-phase local oscillator signals Ipi 

25 and -Ipi are applied to a first pair of inputs of a multiplier 120 and to a first pair of inputs of a 
multiplier 126. Balanced quadrature local oscillator signals Qpi and -Qpi are applied to a first 
pair of inputs of a multiplier 122 and to a first pair of inputs of a multiplier 124. 

Balanced in-phase input signals Ip2 and -Ip2 are applied to a second pair of 
inputs of the multiplier 120 and to a second pair of inputs of the multiplier 124. Balanced 

30 quadrature input signals Qp2 ^d -Qf2 are applied to a second pair of inputs of the multiplier 122 
and to a second pair of inputs of the muUiplier 126. 
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Balanced output signals of the multipliers 120 and 122 are connected to a 
first pair of output terminals carrying quadrature output signals Qf3 and -Qps- The output signals 
of the multiplier 120 can be interchanged for purposes explained later. Balanced output signals of 
the multipliers 124 and 126 are connected to a second pair of output terminals carrying in-phase 
5 output signals Ipj and -Ip3. The output signals of the multiplier 124 can be interchanged. 

For the explanation of the operation of the mixer 15 it is assumed that the 
signals Ip„ Qpi, If2 and Qpj are given by: 

Ipi = sinCfi?! 't)\QF2 = cos{(d\ -t) ; Ipi = sin(a>2 '0 \Qf1 = cos(cy2 ' 



1 0 Using the expressions according to (1) for the output signals of the mixers 

120, 122, 124 and 126 can be found: 

I\2Q = cos{{(o\ -6)2)f}-cos{(fi)i +(02)t} 
I\22 - cos{(6>i -Q)2)t}^c^os{{0\ '^C02)t) 
I\2A =-sin{(fi>i -Q}2)t}^sm{{Q)\ +fi?2)'} 
/l26 = sin{(fi;i -0)2)0 + sin{(fi)i +^2)0 

If the mixers 122 and 126 are connected according to the dashed lines, the 
output signal Qf3 is derived by subtracting the output signal of the mixer 120 from the output 
15 signal of the mixer 122. The output signal Ips is obtained by adding the output signal of the mixer 
124 to the output signal of the mixer 126. For \^ and Qf3 is found in this way: 

//r3 =2sin{(eyi+fi>2M 
0773 =2 cos{(fi) 1+6^2)0 



From (6) it can be seen that only the sum frequency is present in the output 
signal of the mixer 15. If the outputs of the mixers 122 and 124 are connected according to the 
20 dotted lines, the output signal Qf3 is obtained by adding the output signal of mixer 120 to the 
output signal of the mixer 122. The output signal 1f3 is obtained by subtracting the output signal 
of the mixer 124 from the output signal of the mixer 126. For the output signals is found in this 
way: 
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If2 =2sin{(fi?i -co2)t} 
g/r3 =2cos{(^l -6)2M 

From (7), it can be seen that now only the difference frequency is present, in 
the output signal of the mixer. As explained above, the interconnections of the mixers 120 and 
124 can be chosen to select the desired operation of the mixer 15. 

5 In the polyphase filter 19 according to Fig. 6, a first (second) [third] 

{fourth} input, carrying a 0° (90°) [1 80°] {270°} signal is applied to a first terminal of a resistor 
59 (67) [87] {101 } and to a first terminal of a capacitor 61 (81) [95] {53}; A second terminal of 
the resistor 59 (67) [87] {101} is connected to a second terminal of the capacitor 53 (61) [81] 
{95}, to a first terminal of a resistor 51 (71) [91] {103}, and to a first terminal of a capacitor 55 

10 (63) [83] {97}. 

A second terminal of the resistor 51 (71) [91] { 103}, is connected to an first 
terminal of a resistor 49 (73) [93] { 105} and to a first terminal of a capacitor 57 (65) [85] {99}. 
A second terminal of the resistor 49 (73) [93] {105} is connected to a second terminal of the 
capacitor 65 (85) [99] {57} and to a first (second) [third] {fourth} output terminal. 

1 5 The polyphase filter 19 comprises a cascade connection of three passive first order sections. The 
first section has a pole for p=-200 kHz and a zero for p=-74j. This section has a high-pass 
transfer function. The second section has a pole for p=-120 and a zero for p=+40j, and the third 
section has a pole for p=-75 and a zero for p=-25j. The second and third filter sections show a 
low-pass transfer function. With the implementation of the polyphase filters 14 and 19 as 

20 explained above, the polyphase mixer 15 has to be set to obtain the difference frequency, leading 
to frequency spectra in the receiver according to Fig. 2. 
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Claims 



1 . Receiver comprising a frequency converter for deriving from the input 
signal of the receiver a plurality of intermediate polyphase signals, the receiver further comprises 
a polyphase filter for deriving filtered polyphase signals from the intermediate polyphase 
signals, characterized in that the receiver comprises a further frequency converter for deriving a 

5 plurality of further intermediate polyphase signals from the fiUered polyphase signals, the 
receiver comprises a further polyphase fiher for deriving further filtered polyphase signals from 
the further intermediate polyphase signals, one of the polyphase filter and the further polyphase 
filter being arranged for attenuating signals above a first firequency, and one of the polyphase 
filter and the further polyphase filter being arranged for attenuating signals below a second 

10 frequency. 

2. Receiver according to claim 1, characterized in that the first frequency and 
the second frequency are substantially zero. 

3. Receiver according to one of the previous claims, characterized in that the 
first polyphase filter and the second polyphase filter comprise passive filters. 

1 5 4. Receiver according to claim 3, characterized in that the first polyphase filter 

and the second polyphase filter comprise passive filters using capacitors and resistors. 

5. Receiver according to one of the previous claims, characterized in that the 
further frequency conversion means comprise image rejection mixing means. 

6. Filter arrangement comprising a frequency converter for deriving from the 
20 input signal of the receiver a plurality of intermediate polyphase signals, the receiver further 

comprises a polyphase filter for deriving filtered polyphase signals from the intermediate 
polyphase signals, characterized in that the receiver comprises a further frequency converter for 
deriving a plurality of further intermediate polyphase signals from the filtered polyphase signals, 
the receiver comprises a further polyphase filter for deriving further filtered polyphase signals 
25 from the further intermediate polyphase signals, one of the polyphase filter and the further 
polyphase filters being arranged for attenuating signals above a first frequency, and one of the 
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polyphase filter and the further polyphase filter being arranged for attenuating signals below a 
second frequency 

7. Filter arrangement according to claim 6, characterized in that the first 

polyphase filter and the second polyphase filter have a cut off frequency of substantially zero. 
5 8. Filter arrangement according to one of the claims 5, 6 or 7, characterized in 

that the first polyphase filter and the second polyphase filter comprise passive filters. 
9. Filter arrangement according to claim 8, characterized in that the first 

polyphase fiher and the second polyphase filter comprise passive filters using capacitors and 
resistors. 

10 10. Filter arrangement according to one of the claims 5,6,7,8 or 9, characterized 

in that the further frequency conversion means comprise image rejection mixing means. 
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